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This study examined the structural variables affecting the environmental effects of organic farming
compared to those of conventional farming. A meta-analysis based on 107 studies and 360 observations
published from 1977 to 2012 compared energy efﬁciency (EE) and greenhouse gas emissions (GHGE) for
organic and conventional farming. The meta-analysis systematically analyzed the results of earlier
comparative studies and used logistic regression to identify the structural variables that contributed to
differences in the effects of organic and conventional farming on the environment. The statistical evi-
dence identiﬁed characteristics that differentiated the environmental effects of organic and conventional
farming, which is controversial. The results indicated that data sources, sample size and product type
signiﬁcantly affected EE, whereas product type, cropping pattern and measurement unit signiﬁcantly
affected the GHGE of organic farming compared to conventional farming. Superior effects of organic
farming on the environment were more likely to appear for larger samples, primary data rather than
secondary data, monocropping rather than multicropping, and crops other than fruits and vegetables.
The environmental effects of organic farming were not affected by the study period, geographic location,
farm size, cropping pattern, or measurement method.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Organic farming has been recognized as one of the most
reasonable alternatives to conventional agriculture for overcoming
the crisis of climate change. Organic farming is currently practiced
in 162 countries around the world on 37.2 million hectares of
farmland, accounting for .86% of agricultural land in 2011 (FiBL and
IFOAM, 2013). Markets for organic foods have been increasing since
the European Union (EU) Regulation EEC 2092/91 was enacted in
1991. Worldwide sales of organic food and drinks reached $63
billion from 2008 to 2011 (Soil Association, 2013). The growing
importance of organic farming has created an urgent need to
compare the environmental effects of organic and conventional
farming methods (Venkat, 2011). Because organic farming focuses
on sustainability, it is often perceived to have less detrimental ef-
fects on the environment than conventional farming, which relies
on external inputs to a greater extent (Gomiero et al., 2008).lture and Life Sciences, Seoul
þ82 2 880 4747; fax: þ82 2
r Ltd. This is an open access articleIn recent decades, studies investigating the environmental im-
pacts of organic farming compared to conventional farming have
produced conﬂicting ﬁndings. Although some studies have found
organic farming to be superior, others have not. The results of
environmental assessments of organic farming are difﬁcult to
compare because the extant studies have employed different
methodologies and measurement procedures (e.g., Hansen et al.,
2001; Haas et al., 2001; St€olze et al., 2000). In addition, farming
outcomes are extremely sensitive to meteorological and natural
conditions. Consequently, a systematic and critical analysis is
required to identify and evaluate the structural characteristics of
studies that have investigated the environmental effects of organic
farming, and to provide guidelines for future research. The present
paper reports the results of a meta-analysis of environmental
assessment studies of organic farming to identify the variables that
contributed to their assessments and to provide recommendations
for future studies. This meta-analysis seeks to identify the struc-
tural variables that accounted for differences between studies that
found better performance in organic farming systems and studies
that did not.
The next section reviews literature that compares the environ-
mental effects of organic and conventional farming systems, andunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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variables derived from the literature. The third section describes
the meta-analysis and the methods employed in this analysis. The
fourth section presents the results of the analysis, and the ﬁnal
section summarizes the ﬁndings and presents recommendations
for future research.
2. Literature review and research framework
2.1. Environmental effects of organic farming
In recent decades, many studies have compared the environ-
mental effects of organic and conventional farming systems, pri-
marily in Europe and North America. Some scholars have
comprehensively reviewed previous studies to assess the envi-
ronmental effects of organic and conventional farming on energy
use and greenhouse gas emissions (GHGE) (Azeez and Hewlett,
2008; Gomiero et al., 2008; Hill, 2009; Lynch et al., 2011, 2012;
Niggli et al., 2009; Ziesemer, 2007). Others have conducted simu-
lation studies to predict the effects of converting from conventional
farming to organic farming on energy use and GHGE (Acosta-Alba
et al., 2012; Halberg, 2008; Hansen et al., 2001; Pelletier et al.,
2008; Point et al., 2012; Tzilivakis et al., 2005).
The extant studies have produced different conclusions
regarding environmental performance due to differences in the
methods employed, which include differences in data sources,
sample size, statistical analyses and measurement. In a compre-
hensive review of the literature comparing the environmental ef-
fects of organic and conventional farming, Bertilsson et al. (2008),
Gomiero et al. (2008), MacRae et al. (2011), and Mondelaers et al.
(2009) found that organic farming was more likely to result in
less energy use and lower GHGE per unit of land but higher energy
use and emissions per unit of output. However, the results varied
due to differences in farm characteristics, data sources, measure-
mentmethods and types of analyses. The variability of study results
requires the identiﬁcation of the structural variables that were
associated with the conﬂicting outcomes found in these studies.
Three papers have reported the results of meta-analyses of
studies investigating differences in the environmental effects of
organic and conventional farming systems. A number of perfor-
mance measures were assessed, including biodiversity and abun-
dance (Bengtsson et al., 2005), GHGE and environmental pressure
(Mondelaers et al., 2009), and nutrient losses, effects on biodiver-
sity, GHGE, eutrophication potential, acidiﬁcation potential, energy
use and land use (Tuomisto et al., 2012). The results of these meta-
analyses revealed that organic farming was associated with better
outcomes for per unit of land but that therewere no differences per
unit of output. However, none of the meta-analyses identiﬁed the
structural variables that accounted for the conﬂicting results of
previous studies.
This study performed a meta-analysis to investigate the struc-
tural variables that contributed to the conﬂicting ﬁndings in the
literature on the environmental effects of organic farming to
determine which structural characteristics were associated with
different environmental performance. The structural variables
investigated in previous studies were examined, which included
data sources (Wood et al., 2006; Pimentel et al., 2005), duration of
the data collection years (Bertilsson et al., 2008), measurement
methods (Reganold et al., 2001; Deike et al., 2008; Litskas et al.,
2011), measurement unit (Gomiero et al., 2008; MacRae et al.,
2011; Mondelaers et al., 2009), environmental impact measures
(Lynch et al., 2011; Gomiero et al., 2008; Mondelaers et al., 2009),
and various farm characteristics. Product (Lynch et al., 2011),
location (Petersen et al., 2006; Weiske et al., 2006), size (Mousavi-
Avval et al., 2011), and cropping pattern (Bertilsson et al., 2008) ofthe research farm are included in the farm characteristics. We have
added sample size to reﬂect differences in the statistical sufﬁciency
and study period to check the consistency over time in the studies.
These variables are included as they are appeared in all 107 studies
used for this meta-analysis. The variables are explained further in
the next section.
Other variables are investigated in previous studies, including
longitude and latitude, precipitation, temperature, humidity,
amount of biomass, soil nutrition and acidiﬁcation, irrigation,
tillage, rainfall, intensity of farming, farm slope, and altitude
(Kaltsas et al., 2007; Pimentel et al., 2005; Guzman and Alonso,
2008; Zentner et al., 2011; Moreno et al., 2011; Deike et al.,
2008). However, these variables are not considered as they
appear insufﬁcient (1e15 times) in the 107 studies used for the
meta-analysis.
2.2. Structural variables
In this study, structural variables that have been frequently
investigated in comparative studies were classiﬁed into the ﬁve
different categories presented in Table 1: farm characteristics, study
characteristics, dependent variables, data sources, and data ana-
lyses. Fig. 1 presents the structural categories and their in-
terconnections that served as a framework for analyzing
differences in the results of studies on the environmental effects of
organic farming.
2.2.1. Farm characteristics
Studies differ with respect to the type of farm employing organic
practices and the methods used to measure subsequent environ-
mental effects. Farm characteristics such as geographic location,
type of products, farm size, and cropping patternmight affect study
results. Farming systems also substantially differ with respect to the
type of product and affect on environmental performance. Live-
stock farming generally uses more energy and emits more green-
house gasses than crop farming. Previous studies on the
environmental effects of organic farming have produced different
ﬁndings, which depend on the type of product. The types of
products examined in this meta-analysis were classiﬁed into six
categories: ﬁeld crops, vegetables, fruits, dairy, livestock, andmixed
crops.
Because farming is highly dependent on geographic location,
which determines natural conditions such as climate, soil, mois-
ture, and environment, the environmental performances of organic
farming might also differ. We classiﬁed the samples of previous
studies into three regions: the EU, North and South America and
Oceania, and Asia. Farming systems in these three regions vary
markedly with respect to average intensity. Farm size, which differs
across countries and continents, also affects the environmental
performance of organic farming. Farm sizes in North and South
America and Oceania as well as in many European regions are
considerably larger for ﬁeld crops and livestock than in most re-
gions in Asia and certain European regions such as Austria and
Switzerland, which exhibit considerably smaller farm sizes.
Comparative studies of energy efﬁciency (EE) have found that farm
size has a modest but insigniﬁcant effect on EE (Mousavi-Avval
et al., 2011).
Cropping patterns also inﬂuence the environmental outcomes
of farming systems. Monocrop-based industrial agricultural prac-
tices have been identiﬁed as the key drivers of agricultural GHGE
(UNCTAD, 2010). In contrast, crop rotation is one of the most
essential and common regulatory norms required for organic
farming certiﬁcation (Codex, 2004; IFOAM, 2005). Thus, cropping
pattern, which is classiﬁed as either monocropping or multi-
cropping, was selected as a variable that might affect the
Table 1
Structural categories and variables.
Categories Variables
Dependent variables Environmental effect measures: EE and GHGE
Study characteristics Sample size: 1e20, 21e100, more than 100
Duration of data collection: one year, more than one year
Farm Characteristics Location: Europe, North & South America and Oceania, Asia and Central America
Products: ﬁeld crops, vegetables, fruits, dairy, livestock, mixed crops
Farm size: less than 10 ha, more than 10 ha
Cropping pattern: monocropping, multicropping
Data source Study period: before 2005, after 2005
Data source: ﬁeld surveys, ﬁeld experiment farms, secondary data (Database)
Data analysis Measurement unit: area-based (ratio/ha), output-based (ratio/ton)
Measurement method: EAM (LCCI), LCA, emergy and others
Environmental effects Differences in environmental effects of organic and conventional farms
EAM (Energy Analysis Method): The amounts of input and output are converted into input and output energy levels using “energy
coefﬁcient” (Moreno et al., 2011) to calculate EE.
LCCI (Life Cycle Climate Impact): Calculates the amount of GHGE using GHG “conversion factors” for each input material and adds the
direct emissions generated during the production process.
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refers to single crop farming without rotation and multicropping
refers to multiple crop farming with the same rotation during the
research periods to compare organic and conventional farming.
2.2.2. Study characteristics
The period during which studies capture and analyze data has
also varied considerably. Approximately 72% of the previous studies
collected data for less than one year. Because organic systems often
have lower nutrient inputs and rely on nutrients added to the soil
before conversion to organic agriculture, it might take decades for
yields to decline to levels reﬂecting true organic practices. Due to
potential overestimation, surveys based on short-term data
collection might produce results that are more favorable to organic
farming (Bertilsson et al., 2008). Previous studies employing data
from ﬁeld surveys and secondary sources were more likely to limit
cross-sectional comparisons to one year or to one crop season,
which is not sufﬁcient to capture the spillover effect of nutrient
residues in the soil. Only a few studies using secondary sources
have employed databases with multi-year data (Meisterling et al.,
2009). In contrast, previous studies using data from farms with
crop rotation and experimental farms were more likely to perform
multi-year comparisons. Studies conducted on the experimental
farms of research centers have sample periods ranging from 10 to
30 years (Cavigelli et al., 2009; Gelfand et al., 2010; Hoeppner et al.,
2005; Küstermann et al., 2007; Moreno et al., 2011; Nemecek et al.,
2011; Nguyen and Haynes, 1995; Pimentel et al., 2005; Reganold
et al., 2001; Robertson et al., 2000; Stalenga and Kawalec, 2008;
Zentner et al., 2011). In the present study, the duration variableFig. 1. A framework for the structural factors inﬂuencing environmental outcomes for
organic farming.included two categories: one year and multi-year.
Studies with smaller sample sizes tended to exhibit larger
standard errors, making it more difﬁcult to distinguish the effects of
organic farming from random noise. Thus, sample size, which is the
number of case farms, might affect the comparison results of
organic and conventional farming effects. We have classiﬁed the
sample size variable into three categories: small size (1e20), me-
dium size (21e100), and large size (more than 100). The large
sample size represents most national level studies and the medium
sample size represents most regional level studies with secondary
data. The small size sample usually represents ﬁeld surveys and
experiments. The classiﬁcation evenly spreads the previous studies
into the three designated categories.
2.2.3. Data source
Because study accuracy depends upon the quality of the data
analyzed, data should be accurate and contain few and minor er-
rors. Consequently, the type of data source was critical for the
analysis. Objective data from secondary sources is easier to obtain.
These sources provide more farm samples, which increases the
generalizability of the study results. However, data from secondary
sources lack detail and ﬂexibility due to the use of predetermined
categories. Previous studies were based on three types of data
sources: ﬁeld surveys, ﬁeld experiments, and secondary databases.
These three categories were also used in our meta-analysis. Data
collected from uncontrolled selected farm studies are included in
farm studies and data from controlled ﬁeld experiments are
included in the ﬁeld experiments.
Compared to earlier studies, later studies generally exhibited
improvements in themodels, methods and data employed. The ﬁrst
published comparison of EE for organic and conventional farming
systems was reported by Klepper et al. (1977). A few studies were
performed after 1977 and before 2000 (Berardi, 1978; Nguyen and
Haynes, 1995; Pimentel et al., 1983; Refsgaard et al., 1998), and the
number of studies doubled after 2006 compared to the early 2000s.
To compare the consistency of the research ﬁndings obtained
before 2005 and after 2006, the analysis included a study period
variable.
2.2.4. Dependent variables
The reported environmental effects of organic farming might be
inﬂuenced by the effect measures used in the assessment. Although
many potential environmental indicators are available, EE and
GHGE have been used most frequently in studies that compare
organic and conventional farming. A search of over 100 studies on




Sample size 0 1e20
1 21e100
2 More than 100
Duration 0 One year
1 Multi-year
Location 0 Europe
1 North & South America, and Oceania
2 Asia and Central America






Farm size 0 Less than 10 ha
1 More than 10 ha
Cropping patterns 0 Monocropping
1 Multicropping
Study period 0 Prior to 2005
1 After 2005
Data source 0 Field survey
1 Field Experiments
2 Secondary data
Measurement unit 0 Area-based (ratio/ha)
1 Output-based (ratio/ton)
Measurement method 0 EAM (for EE) or LCCI (for GHGE)
1 LCA
2 Emergy & others
Environmental effects 0 Neutral or negative
1 Positivea
a Positive outcomes for organic farming represented higher EE and lower GHGE
for organic farming in comparison to conventional farming.
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revealed that 45 studies used EE, 40 studies used GHGE, and 22
studies used both EE and GHGE as outcome measures. This body of
literature included working papers, research articles and doctoral
dissertations published from 1977 through 2012. Consequently, our
meta-analysis used EE and GHGE to compare the environmental
effects of different farming systems.
2.2.5. Data analysis
The use of EE or GHGE to assess the environmental effects of
farming systems required consideration of the unit and the
methods of measurement employed because previous studies have
used different units and methods to measure EE and GHGE. Several
studies measured EE and GHGE based on area (ha). Others
measured EE and GHGE based on output (ton). Because the yields of
conventional and organic farming might differ, output-based
measures often do not favor organic farming, particularly for
GHGE (Lynch et al., 2011). Brentrup et al. (2001) used an output-
based measure rather than an area-based measure to assess land
use efﬁciency. We employed both output-based and area-based
measurement units to compare the results.
Although previous studies have employed different measure-
ment methods to assess the environmental effects of agricultural
practices, only a few measurement methods have been used to
compare organic and conventional farming systems. In this anal-
ysis, the Energy Analysis Method (EAM), Life Cycle Assessment
(LCA), Emergy, and other methods, including Life Cycle Climate
Impact (LCCI), are compared.
3. Methods
3.1. Meta-analysis
Meta-analysis refers to a set of statistical methods speciﬁcally
designed to compare and synthesize the results of multiple studies.
The method is rooted in the fundamental values of the scientiﬁc
enterprise: replicability, quantiﬁcation, and causal and correlative
analysis (Bangert-Drowns and Rudner, 1991; Benbasat and Lim,
1993; Kohli and Devaraj, 2003). Meta-analysis enables re-
searchers to test theories based on past research and provides di-
rections for future research (Hunter and Schmidt, 1990). Because
earlier studies independently compared the environmental effects
of organic and conventional farming systems, this meta-analysis
seeks to identify the structural dimensions that were associated
with conﬂicting results in these previous studies. This meta-
analysis focused on identifying the structural variables that
distinguished studies that found positive environmental effects for
organic farming systems and those that did not.
Following Glass et al. (1981), the meta-analysis in this study
consists of the following steps:
(1) The development of a framework identifying the structural
variables explaining differences in the results of previous
studies (described above);
(2) A literature search identifying the prior studies to be
included in the analysis;
(3) Coding of variables representing the structural variables
included in the meta-analysis;
(4) Statistical procedures for meta-analyses based on regression
(here, logistic regression); and
(5) Presentation of the meta-analysis ﬁndings and recommen-
dations for future research.
Our meta-analysis compared environmental effects by focusing
on farm-level studies that employed EE and/or GHGE asenvironmental effect measures. The analysis was based on research
articles, recent working papers, and doctoral dissertations pub-
lished through December 2012, which were obtained through a
literature search based on the Google Scholar database. The anal-
ysis also included studies identiﬁed by screening the bibliographies
of previously published review papers (Azeez and Hewlett, 2008;
Gomiero et al., 2008; Hill, 2009; Lynch et al., 2011, 2012; Niggli
et al., 2009; Ziesemer, 2007) and other relevant articles. The ﬁnal
analysis was based on 107 studies published from 1977 through
2012 that compared organic and conventional farming systems
using EE and/or GHGE as outcomemeasures, and thus providing 67
EE studies and 62 GHGE studies overall.
3.2. Variable coding and analysis
The independent variables used in the analyses were as follows:
(a) sample size, (b) duration of the data collection years, (c) farm
location, (d) type of product, (e) farm size, (f) cropping pattern, (g)
study period, (h) data source, (i) measurement unit, and (j) mea-
surement method. Table 2 presents these variables, which were
identiﬁed and coded as described above. The independent variables
were ﬁtted into two separate models, one for EE and one for GHGE.
The environmental effect variable, which represented the dif-
ference between the environmental performance of organic and
conventional farmingmethods, served as the dependent variable in
the meta-analysis. The environmental performance difference
might be positive (i.e., organic farming was superior), neutral (i.e.,
no difference between organic and conventional farming), or
negative (i.e., conventional farming was superior). In this study, the
outcome variable was binary with a value of 1 (positive) or
0 (neutral or negative).
The logistic regression analysis provided the statistical basis for
identifying the structural variables that distinguished between the
K.S. Lee et al. / Journal of Environmental Management 162 (2015) 263e274 267EE and GHGE studies that found beneﬁcial effects for organic
farming and those that did not.
4. Results
Farm-level research that compares environmental effects for
organic and conventional farming systems has been conducted
since the late 1970s. The number of studies increased sharply
during the late 2000s (Fig. 2). Some of the 67 EE studies and 62
GHGE studies examined multiple farm products and included both
area-based (/ha) and output-based (/ton) measures of environ-
mental effects, which increased the number of observations in the
meta-analysis to 165 for EE and 195 for GHGE.
Research interest in this issue was stronger in the European
countries than in other regions. Of the 165 observations in the EE
sample, 124 were located in Europe, 30 were located in North and
South America and Oceania, and 11were located in Asia and Central
America. Of the 195 observations in the GHGE sample, 162 were
located in Europe, 24 were located in North and South America and
Oceania, and 9 were located in Asia and Central America.
4.1. Meta-analysis results for EE
Although several authors used both EE and GHGE, it is more
meaningful to examine these environmental effect measures
separately. Thus, we performed a logistic regression analysis to
determine the effect of the structural variables on the EE beneﬁts of
organic farming.
Table 3 presents the frequency distributions of the structural
and outcome variables in the studies that use EE as an effect
measure. In these studies, 67.3% of the 165 observations exhibited
positive outcomes, and 32.3% exhibited neutral or negative out-
comes. That is, in terms of EE, organic farming was favored over
conventional farming. For the EE comparisons, 45% involved ﬁeld
crops and 66% of the comparisons involved farm sizes over 10 ha.
To identify the structural variables that contributed to the EE
superiority of organic farming, a logistic regression analysis was
performed. Table 4 presents the results, which identify the struc-
tural variables that signiﬁcantly inﬂuence ﬁndings of superior EE in
organic farming. The logistic regression model provided a good ﬁt.
The Chi-square test statistic was signiﬁcant (p ¼ .000) and the
HosmereLemeshow test statistic was not signiﬁcant (p ¼ .835).
The goodness of ﬁt of the model was conﬁrmed by the accuracy
of classiﬁcations, which was 78.18% (Table 5). The model was highly
predictive with 90.99% accuracy for cases in which EE for organic
farming was superior in predicting the effect variable. However, the
accuracy of the model was poor for cases in which EE for organicFig. 2. The number of relevant studies publisfarming was neutral or negative. The structural variables in the
logistic regression predicted the effect variable with only 51.85%
accuracy. Thus, further research is needed to identify the de-
terminants of neutral or negative EE for organic farming compared
to conventional farming.
The structural variables of product, data source, and sample size
were statistically signiﬁcant. The vegetables and fruits categories
exhibited negative statistically signiﬁcant values, indicating that EE
beneﬁts of organic farming were less likely for the categories of
vegetables and fruits compared to the category of ﬁeld crops.
Although the values for the dairy, livestock, and mixed crop cate-
gories were positive, they were not statistically signiﬁcant. Overall,
organic farming was more likely found to be superior for ﬁeld crops
and livestock than vegetables and fruits.
The logistic regression results also revealed that the EE beneﬁts
of organic farming were strongly associated with characteristics of
the data. Sample sizes of more than 100 were signiﬁcantly associ-
ated with the EE superiority of organic farming (p ¼ .006)
compared to sample sizes of 1e20. Data source also signiﬁcantly
affected the EE beneﬁts of organic farming. The signiﬁcant value for
secondary data was negative, indicating that the EE beneﬁts of
organic farming were less likely to be supported by secondary data
than by ﬁeld surveys or experiments.
Although other structural variables in the analysis exhibited the
expected values, theywere not statistically signiﬁcant. Study period
(p ¼ .944), location (p ¼ .799 and .650), measurement method
(p ¼ .561 and .540), and farm size (p ¼ .818) did not contribute to
the EE beneﬁts of organic farming. The EE beneﬁts of organic
farming were modest but not statistically signiﬁcant for duration
(p ¼ .164), measurement unit (p ¼ .160), and cropping pattern
(p ¼ .272). These ﬁndings suggest that study period and location,
measurement unit and method used to estimate EE were not
associated with EE beneﬁts for organic farming. However, the EE
beneﬁts of organic farmingwere slightly greater for multi-year data
compared to one-year data, monocropping compared to multi-
cropping, and output-based outcome measures (/ton) compared to
area-based measures (/ha).
The results of the analysis indicate that the EE beneﬁts of
organic farming were more marked for larger samples and primary
data from ﬁeld studies for the categories of ﬁeld crops, livestock and
multiple crops. However, none of the EE studies from ﬁeld surveys
or experiments had sample sizes over 100. As Table 6 indicates, 27
of 33 studies with sample sizes over 100 (81.8%) exhibited EE
beneﬁts for organic farming. Of the studies with sample sizes over
100, 28 studies examined ﬁeld crops, dairy, livestock, and mixed
crops, and 25 of these studies (89.3%) found better EE effects for
organic farming. Field studies with more samples in these crophed each year from 1977 through 2012.
Table 3
Frequency distribution of structural variables for studies of EE.
Structural variables Dimension Number of observations (%)
Sample size 1e20 60 (35.4)
21e100 72 (43.6)
More than 100 33 (20.0)
Duration One year 112 (67.9)
Multi-year 53 (32.1)
Location Europe 124(75.2)
America and Oceania 30 (18.1)
Asia and Central America 11(6.7)





Mixed crops 9 (5.5)
Farm size Less than 10 ha 56 (33.9)
More than 10 ha 109 (66.1)
Cropping pattern Monocropping 82 (49.7)
Multicropping 83 (50.3)
Study period Prior to 2005 59 (35.8)
After 2005 106 (64.2)
Data source Field survey 91 (55.2)
Field Experiments 36 (21.8)
Secondary data (DB) 38 (23.0)
Measurement unit Area-based (EE/ha) 92 (55.8)
Output-based (EE/ton) 73 (44.2)
Measurement method EAM 102 (61.8)
LCA 51 (30.9)
Emergy & others 12 (7.3)
Environmental effects (EE superiority of organic farming Positive 111 (67.3)
Neutral or negative 54 (32.7)
Table 4
Results of the logistic regression analysis of the EE beneﬁts of organic compared to conventional farming.
Structural variables B S.E. p-value
Study publication date .036 .511 .944
Location (Compared to Europe)
N. & S. America & Oceania .170 .671 .799
Asia & Central America .392 .864 .650
Duration .779 .559 .164
Data source (compared to ﬁeld surveys)
Field experiments 1.024 .801 .201
Secondary data (DB) ¡2.815 1.366 .040**
Measurement method (compared to EAM)
LCA .307 .528 .561
Emergy & others .576 .940 .540
Sample size (compared to 1e20)
21e100 .236 .444 .595
More than 100 4.059 1.467 .006***
Products (compared to ﬁeld crops)
Vegetables ¡1.994 .707 .005***
Fruits ¡1.261 .686 .066*
Dairy .715 .801 .372
Livestock .044 .715 .951
Mixed crops .001 .825 .999
Farm Size .139 .605 .818
Cropping pattern (multicropping compared to monocropping) .563 .512 .272
Measurement unit (output compared to area) .635 .452 .160
(Constant) .671 .863 .437
2 Log likelihood ¼ 164.533, Cox & Snell's R2 ¼ .235, Nagelkerke R2 ¼ .327.
Model Chi-square ¼ 44.103, p-value ¼ .000(HosmereLemeshow test Chi-square ¼ 3.505, p-value ¼ .835).
Dependent variable: EE superiority of organic farming (positive vs. neutral/negative).
*p < .10, **p < .05, ***p < .01.
The bold represents the statistically signiﬁcant variables at p¼.10
K.S. Lee et al. / Journal of Environmental Management 162 (2015) 263e274268categories may have a better chance to ﬁnd superior EE effects for
organic farming.
4.2. Meta-analysis results for GHGE studies
Table 7 presents the frequency distributions for the structuraland outcome variables of the GHGE studies. Of the 195 observa-
tions, 67.7% exhibited positive outcomes and 32.3% exhibited
neutral or negative outcomes. That is, in terms of GHGE, organic
farming was favored over conventional farming. In all, 43.1% of the
GHGE comparisons involved ﬁeld crops and 72.8% of the compar-
isons involved farm sizes of more than 10 ha. The frequency
Table 5
Results of classiﬁcations based on the logistic regression model for EE effects.
Predicted EE superiority Classiﬁcation Accuracy
Neutral/negative Positive
Actual EE Superiority Neutral/negative 16.97% 15.76% 51.85%
Positive 6.06% 61.21% 90.99%
Overall Correct Classiﬁcation 78.18%
Table 6
Studies with better EE effects for organic farming by structural characteristic.
Structural characteristics No. of samples No. with better EE outcomes for organic farming % With better EE outcomes for organic farming
1.Field Surveys and Experiments 127 73 57.5
2.Sample Sizes greater than 100 33 27 81.8
3.Field Crops, Dairy, Livestock, & Mixed Crops 122 93 76.2
Satisfying both 2 and 3 above 28 25 89.3
Table 7
Frequency distribution of structural variables for studies on GHGE.
Structural variables Categories Number of samples (%)
Sample size 1e20 94 (48.2)
21e100 49 (25.1)
More than 100 50 (25.6)
Duration One year 147 (75.4)
Multi-year 48 (24.6)
Location Europe 162 (83.1)
America and Oceania 24 (12.3)
Asia and Central America 9 (4.6)





Mixed crops 11 (5.6)
Farm size Less than 10 ha 53 (27.9)
More than 10 ha 142 (72.8)
Cropping pattern Monocropping 106 (54.4)
Multicropping 89 (45.6)
Study publication date Before 2005 35 (17.9)
After 2005 160 (82.1)
Data source Field surveys 73 (37.4)
Field experiments 53 (27.2)
Secondary data (DB) 69 (35.4)
Measurement unit Area basis (ha) 74 (37.9)
Output basis (kg, ton, litter) 121 (62.1)
Measurement method LCCI 60 (30.8)
LCA 119 (61.0)
Other 16 (8.2)
Environmental effects (GHGE superiority of organic farming) Positive 132 (67.7)
Neutral or negative 63 (32.3)
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similar to that of EE studies except for the variables of measure-
ment unit and measurement method. EE studies more often
employed area-based outcome measures with EAM as the mea-
surement method, whereas GHGE studies more often used output-
based outcome measures with LCA as the measurement method.
A logistic regression analysis was employed to identify the
structural variables that were associated with GHGE beneﬁts for
organic farming. The analysis results (Tables 8 and 9) identiﬁed the
structural variables that were signiﬁcantly associated with better
GHGE effects for organic farming. The logistic regression model
provided a good ﬁt. The Chi-square value was statistically signiﬁ-
cant (p ¼ .000) and the result of the HosmereLemeshow test was
not signiﬁcant (p ¼ .341).
The goodness of ﬁt for the logistic regression model was
conﬁrmed by the accuracy of classiﬁcations based on the model,which was 72.72% (Table 9). The model did very well in predicting
cases in which GHGE organic farming outcomes were superior,
predicting the outcome variable with 86.90% accuracy. However,
the structural variables in the logistic regression were poor pre-
dictors of neutral and negative GHGE outcomes, exhibiting an ac-
curacy of only 42.20%. Thus, further research is needed to identify
the determinants of neutral or negative GHGE outcomes for organic
farming versus conventional farming. The classiﬁcation accuracy of
the GHGE model was similar to that of the EE model.
The structural variables of product, cropping pattern and mea-
surement unit were statistically signiﬁcant. Livestock exhibited a
negative statistically signiﬁcant value (p ¼ .004), which indicated
that better GHGE effects for organic farming were less likely for
livestock than for ﬁeld crops. Although the values for the vegetable
and fruit categories were negative, they were not statistically sig-
niﬁcant. GHGE effects for organic farming might be less likely for
Table 8
Results of the logistic regression analysis of the GHGE beneﬁts of organic compared to conventional farming.
Structural variables B S.E. p-value
Study publication date .122 .534 .820
Location (compared to Europe)
N. & S. America & Oceania .115 .650 .860
Asia & Central America .615 .989 .534
Duration .082 .593 .890
Data source (compared to ﬁeld surveys)
Field experiments .246 .592 .679
Secondary data (DB) .298 .781 .703
Measuring method (compared to LCCI)
LCA .411 .495 .407
Other .121 .842 .886
Sample size (compared to 1e20)
21e100 .569 .564 .313
More than 100 1.288 .852 .131
Products (compared to ﬁeld crops)
Vegetables .991 .647 .126
Fruits .268 1.026 .794
Dairy .376 .605 .534
Livestock ¡1.691 .584 .004***
Mixed crops .801 1.006 .426
Farm size (compared to 10 ha) .140 .600 .816
Cropping pattern (multicropping compared to monocropping) ¡1.108 .506 .028**
Measurement unit (output compared to area) ¡1.931 .453 .000***
(Constant) 2.491 1.000 .013**
2 Log likelihood ¼ 199.427, Cox & Snell's R2 ¼ .216, Nagelkerke R2 ¼ .301.
Model Chi-square ¼ 47.404, p-value ¼ .000(HosmereLemeshow test: Chi-square ¼ 9.013, p-value ¼ .341).
Dependent variable: GHGE superiority of organic farming (positive vs. neutral/negative).
*p < .10, **p < .05, ***p < .01.
The bold represents the statistically signiﬁcant variables at p¼.10
Table 9
Results of classiﬁcations based on the logistic regression model for GHGE effects.
Predicted GHGE superiority Classiﬁcation accuracy
Neutral/negative Positive
Actual GHGE Superiority Neutral/negative 13.85% 18.97% 42.20%
Positive 8.72% 57.87% 86.90%
Overall correct classiﬁcation 72.72%
Table 10
Studies with better GHGE effects for organic farming by structural characteristic.
Structural characteristic No. of samples No. with better GHGE outcomes for organic farming % With better GHGE outcomes for organic farming
1.Monoculture cropping pattern 104 77 72.6
2.Area-based measurement 74 60 81.1
3.Field crops, dairy, mixed crops 129 94 72.9
Satisfying 1, 2, and 3 above 12 11 91.7%
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product categories, which included dairy (p ¼ .534) and mixed
crops (p ¼ .426), were positive but not statistically signiﬁcant,
which suggests that the GHGE effects for organic farming for these
categories were similar to the outcomes for ﬁeld crops.
The logistic regression results indicated that superior GHGE
effects for organic farming were highly dependent on the mea-
surement unit. Output-based (ratio/ton) outcome measures
signiﬁcantly reduced the superiority of GHGE effects for organic
farming (p ¼ .000) in comparison to area-based (ratio/ha) mea-
sures. These results are consistent with Lynch et al. (2011), which
found output-based measures do not favor organic farming,
particularly with respect to GHGE, due to the yield differences
between conventional and organic farming. The signiﬁcant value
for cropping pattern was negative (p ¼ .028), indicating that the
GHGE superiority of organic farming was higher for monocropping
than for multicropping.Other structural variables in the analysis exhibited the expected
values but were not statistically signiﬁcant. Study period (p¼ .820),
location (p ¼ .860 and .534), duration (p ¼ .890), data source
(p ¼ .679 and .703), measurement method (p ¼ .407 and .886) and
farm size (p ¼ .816) were not associated with better GHGE effects
for organic farming. Superior GHGE effects for organic farming
were modestly related to sample size but were not statistically
signiﬁcant (p ¼ .313 and .131). These ﬁndings suggest that study
period, location, duration, data source, farm size, and measurement
method were not strongly associated with superior GHGE effects
for organic farming. However, superior GHGE effects for organic
farming might be associated with larger sample sizes.
The results of the analysis indicated that superior GHGE effects
for organic farming were more marked for studies that involved
monocropping rather than multicropping and for studies that used
area-based rather than output-based effect measures. The meta-
analysis results conﬁrmed the results of earlier meta-analyses
Table 11
Comparison of meta-analysis ﬁndings regarding the superiority of organic farming.
Structural variables Outcome measures
EE GHGE
Study period n.s. n.s.
Location n.s. n.s.
Duration n.s. n.s.
Data source ** n.s.
Measurement method n.s. n.s.
Sample size *** n.s.
Products *** ***
Farm size n.s. n.s.
Cropping pattern n.s. **
Measurement unit n.s. ***
*p < .10, **p < .05, ***p < .01; n.s. ¼ not signiﬁcant.
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unit of land (Bengtsson et al., 2005; Mondelaers et al., 2009;
Tuomisto et al., 2012) rather than per unit of output. Superior
GHGE effects for organic farming were less marked for livestock in
comparison to other product categories. As Table 10 indicates,
better GHGE effects for organic farming were found for 91.7% of the
farm-level studies that involved monoculture cropping patterns,
area-based measures, and the product categories of ﬁeld crops,
dairy, and mixed crops.
4.3. Comparison of meta-analyses for EE and GHGE
Table 11 presents comparison results of themeta-analyses for EE
and GHGE. The structural variables of data source, sample size and
product type signiﬁcantly affected the EE of organic farming in
comparison to conventional farming, whereas product type, crop-
ping pattern, and measurement unit signiﬁcantly affected the
GHGE of organic farming in comparison to conventional farming.
The better EE effects for organic farming were primarily associated
with the ﬁeld study's data source and sample size of more than 100,
whereas better GHGE effects for organic farming were primarily
associated with monoculture in cropping patterns and area based
measurement unit. The results support previous studies that
investigated EE with superior performances for organic farming
when the data were obtained from ﬁeld surveys and experiments
rather than from secondary data. However, there were no differ-
ences based on data sources for studies that investigated GHGE.
Increases in sample size were signiﬁcantly associated with su-
perior EE effects for organic farming, whereas increases in sample
size were only modestly associated with superior GHGE effects for
organic farming. The superiority of organic farming was signiﬁ-
cantly reduced for output-basedmeasurement of GHGE andweakly
reduced for area-based measurement of EE. These ﬁndings support
the Lynch et al. (2011) claim that output-based measures typically
do not ﬁnd beneﬁts of organic farming, particularly for GHGE, due
to yield differences between conventional farming and organic
farming. Earlier studies found superior performances for organic
farming with monocropping compared to multicropping patterns.
However, this ﬁnding was only signiﬁcant for GHGE.
For EE, the analysis indicated that superior performances for
organic farming were associated with ﬁeld crops, livestock, and
mixed crop farms compared to vegetable and fruit farms. For GHGE,
better performances for organic farming were associated with ﬁeld
crops, dairy, and mixed crop farms, whereas poorer performances
were associated with livestock, vegetable and fruit farms. None of
the other structural variables inﬂuenced differences in EE or GHGE
between organic and conventional farming. Study publication date,
location, measurement method, farm size, and duration did not
signiﬁcantly inﬂuence environmental effects for organic farming,which indicates that the inﬂuence of these variables on the differ-
ences between organic and conventional farming were negligible.
5. Conclusions
In this paper, logistic regressions were estimated to identify the
structural variables that were associated with superior environ-
mental effects for organic farming compared to conventional
farming. Data source, sample size, and farm products were signif-
icant for EE performance and farm products, cropping patterns, and
measurement unit were signiﬁcant for GHGE outcomes of organic
farming.
In the EE studies, the superiority of organic farming was more
likely to be found in studies with larger samples, ﬁeld studies, and
experiments rather than secondary data. In the GHGE studies, the
superiority of organic farming was more likely to be found for
studies with monocropping compared to multicropping and with
outcome measures based on area rather than output.
The results suggest that future studies should employ enough
samples to improve conﬁdence on the performance of organic
farming compared to conventional farming. Future studies, espe-
cially on GHGE, should be cautious in identifying the appropriate
measurement unit because output-based measures often do not
favor organic farming (particularly for GHGE) due to yield differ-
ences between conventional and organic farming. When land use
efﬁciency and energy productivity are considered, output-based
(per weight) measures are more appropriate for assessing EE and
GHGE than area-based (per ha) measures. The cropping pattern has
a signiﬁcant impact on GHGE. Therefore, we recommend that
future studies investigate monocropping for direct and unbiased
comparisons of the environmental effects of organic and conven-
tional farming.
EE studies were more likely to ﬁnd that organic farming was
superior for ﬁeld crops and dairy farms and less likely for vegetable
and fruit farms. GHGE studies were more likely to ﬁnd that organic
farming was superior for ﬁeld crops, dairy, and mixed crop farms
and less likely for livestock, vegetable, and fruit farms. These
ﬁndings indicate that the comparisons of the environmental effects
of organic and conventional farming should take the type of farm
product (e.g., ﬁeld crops, livestock, fruits, or vegetables) into ac-
count and that comparisons should be based on the same types of
farm products.
The variable of duration is not statistically signiﬁcant but posi-
tive, indicating that longer periods of data collection were associ-
ated with positive organic farming performance. However, because
these ﬁndings did not achieve statistical signiﬁcance, we recom-
mend that future studies employ long-term data collection and
larger sample sizes to obtain reliable data in order to compare
organic and conventional farming. Because most organic farms
have been converted from conventional farms, time series data are
more appropriate to accurately evaluate the effects of organic farms
in comparative studies that use EE and GHGE as performance
measures.
In summary, future studies should employ larger samples from
primary sources, and compare the environmental effects of organic
farming for different types of products, cropping patterns, and
performance measures.
This paper exhibits several limitations. First, asmost samples are
from Europe, the logistic regression could not classify the location
variable by country, and could not reﬂect the meteorological and
natural conditions. As studies are increasing recently in regions
other than Europe, future research should consider country level
comparisons.
Second, most studies (67.9% of the EE studies and 75.4% of the
GHGE studies) used cross-sectional data and thus did not consider
K.S. Lee et al. / Journal of Environmental Management 162 (2015) 263e274272nutrient spillover effects. To compare the environmental effects of
organic and conventional farming and to determine the inﬂuence
of the length of the data collection period accurately, future studies
should obtain longitudinal data that examine the effects of multi-
seasonal practices.
Third, other structural variables might also affect the environ-
mental performance of farming systems. That is, performance
measures other than EE and GHGE should be investigated. Future
research should identify additional structural variables and a
broader range of environmental indicators to obtain more detailed
and comprehensive information on this issue.
Despite these limitations, this meta-analysis identiﬁed struc-
tural variables that were associated with better environmental ef-
fects for organic farming compared to conventional farming. Our
empirical ﬁndings should improve the reliability of future studies
that compare the environmental effects of conventional and
organic farming.
Acknowledgments
This research was supported by the MSIP (Ministry of Science,
ICT and Future Planning), Korea, under the C-ITRC(Convergence
Information Technology Research Center) (IITP-2015-H8601-15-
1007) supervised by the IITP(Institute for Information
&communications Technology Promotion).
References
Acosta-Alba, I., Lope-Ridaura, S., Van der Werf, H.M.G., Leterme, P., Corson, M.S.,
2012. Exploring sustainable farming scenarios at a regional scale: an application
to dairy farms in Brittany. J. Clean. Prod. 28, 160e167.
Azeez, G.S.E., Hewlett, K., 2008. The comparative energy efﬁciency of organic
farming. In: 16th IFOAM OWC, Italy, June, 16e20.
Bangert-Drowns, R.L., Rudner, L.M., 1991. Meta-analysis in educational research.
Pract. Assess. Res. Eval. 2 (8). Retrieved on October 16, 2014 from. http://
PAREonline.net/getvn.asp?v¼2&n¼8.
Benbasat, I., Lim, L., 1993. The effects of group, task, context, and technology vari-
ables on the usefulness of group support systems. Small Group Res. 24 (4),
430e462.
Bengtsson, J., Ahnstrom, J., Wei bull, A.C., 2005. The effects of organic agriculture on
biodiversity and abundance: a meta-analysis. J. Appl. Ecol. 42 (2), 261e269.
Berardi, G.M., 1978. Organic and conventional wheat production: examination of
energy and economics. Agro-Ecosystems 4, 367e376 (Elsevier Scientiﬁc Pub-
lishing Company, Amsterdam).
Bertilsson, G., Kirchmann, H., Bergstr€om, L., 2008. Energy analysis of organic and
conventional agricultural systems. Chapter 9. In: Kirchmann, H., Bergstr€om, L.
(Eds.), Organic Crop Production e Ambitions and Limitations. Springer, Dor-
drecht, The Netherlands, pp. 173e188.
Brentrup, F., Kusters, J., Kuhlman, H., 2001. Application of the life cycle assessment
methodology to agricultural production: an example of sugar beet production
with different forms of nitrogen fertilizers. Eur. J. Agron. 14, 221e233.
Cavigelli, M.A., Hima, B.L., Hanson, J.C., Teasdale, J.R., Conklin, A.E., Lu, Y.-C., 2009.
Long-term economic performance of organic and conventional ﬁeld crops in
the mid-Atlantic region. Renew. Agric. Food Syst. 24 (2), 102e119.
Codex Alimentarius, 2004. Guidelines for the Production, Processing, Labelling and
Marketing of Organically Produced Foods. GL 32. 1999, Rev. 1 .2001.
Deike, S., Pallutt, B., Christen, O., 2008. Investigations on the energy efﬁciency of
organic and integrated farming with speciﬁc emphasis on pesticide use in-
tensity. Eur. J. Agron. 28, 461e470.
FiBL and IFOAM, 2013. The World of Organic Agriculture Statistics and Emerging
Trends 2013. Frick, Switzerland and Bonn, Germany, pp. 25e33.
Gelfand, I., Snapp, S., Robertson, G.P., 2010. Energy efﬁciency of conventional,
organic, and alternative cropping systems for food and fuel at a site in the U.S.
Midwest. Environ. Sci. Technol. 44, 4006e4011.
Glass, G.V., McGaw, B., Smith, M.L., 1981. Meta-analysis in Social Research. Sage,
Beverly Hills, CA.
Gomiero, T., Paoletti, M.G., Pimentel, D., 2008. Energy and environmental issues in
organic and conventional agriculture. Crit. Rev. Plant Sci. 27 (4), 239e254.
Guzman, G.I., Alonso, A.M., 2008. A comparison of energy use in conventional and
organic olive oil production in Spain. Agric. Syst. 98 (3), 167e176.
Haas, G., Wetterich, F., Kopke, U., 2001. Comparing intensive, extensiﬁed and
organic grassland farming in southern Germany by process life cycle assess-
ment. Agric. Ecosyst. Environ. 83, 43e53.
Halberg, N., 2008. Energy use and greenhouse gas emission in organic agriculture.
In: Colloque International, Enita Clermont, France, International Conference,
Enita of Clermont, France, April 17e18th, 2008.Hansen, B., Fjelsted, H., Kristensen, E.S., 2001. Approaches to assess the environ-
mental impact of organic farming with particular regard to Denmark. Agric.
Ecosyst. Environ. 83, 11e26.
Hill, H., 2009. Comparing energy use in conventional and organic cropping systems.
Publication of ATTRAdNational Sustainable Agriculture Information Service.
Hoeppner, J.W., Entz, M.H., McConkey, B.G., Zentner, R.P., Nagy, C.N., 2005. Energy
use and efﬁciency in two Canadian organic and conventional crop production
systems. Renew. Agric. Food Syst. 21 (1), 60e67.
Hunter, J.E., Schmidt, F.L., 1990. Methods of Meta-analysis: Correcting Error and Bias
in Research Findings. Sage, Newbury Park, CA, p. 592.
IFOAM, 2005. The IFOAM Basic Standards for Organic Production and Processing.
Kaltsas, A.M., Mamolos, A.P., Tsatsarelis, C.A., Nanos, G.D., Kalburtji, K.L., 2007. En-
ergy budget in organic and conventional olive groves. Agric. Ecosyst. Environ.
122 (2), 243e251.
Klepper, R., Lockeretz, W., Commoner, B., Gertler, M., Fast, S., O'Leary, D.,
Blobaum, R., 1977. Economic performance and energy intensiveness on organic
and conventional farms in the corn Belt: a preliminary comparison. Am. J. Agric.
Econ. 59 (1), 1e12.
Kohli, R., Devaraj, S., 2003. Measuring information technology payoff: a meta-
analysis of structural variables in ﬁrm-level empirical research. Inf. Syst. Res.
14 (2), 127e145.
Küstermann, B., Kainz, M., Hulsbergen, K., 2007. Modeling carbon cycles and esti-
mation of greenhouse gas emissions from organic and conventional farming
systems. Renew. Agric. Food Syst. 23 (1), 38e52.
Litskas, V.D., Mamolos, A.P., Kalburtji, K.L., Tsatsarelis, C.A., Kiose-Kampasakali, E.,
2011. Energy ﬂow and greenhouse gas emissions in organic and conventional
sweet cherry orchards located in or close to Natura 2000 sites. Biomass Bio-
energy 35, 1302e1310.
Lynch, D.H., Macrae, R., Martin, R.C., 2011. The carbon and global warming potential
impacts of organic farming: does it have a signiﬁcant role in an energy con-
strained world? Sustain. Rep. 2011 (3), 322e362.
Lynch, D.H., Halberg, N., Bhatta, G.D., 2012. Environmental impacts of organic
agriculture in temperate regions. Cab. Rev. 7, 1e17. No. 010.
MacRae, R., Lynch, D., Martin, R.C., 2011. Improving energy efﬁciency and GHG
mitigation potentials in Canadian organic farming systems. J. Sustain. Agric. 34,
549e580.
Meisterling, K., Samaras, C., Schweizer, V., 2009. Decisions to reduce greenhouse
gases from agriculture and product transport: LCA case study of organic and
conventional wheat. J. Clean. Prod. 17, 222e230.
Mondelaers, K., Aertsens, J., Van, H., Haas, G., 2009. A meta-analysis of the differ-
ences in environmental impacts between organic and conventional farming. Br.
Food J. 111 (10), 1098e1119.
Moreno, M.M., Lacasta, C., Meco, R., Moreno, C., 2011. Rainfed crop energy balance of
different farming systems and crop rotations in a semi-arid environment: re-
sults of a long-term trial. Soil & Tillage Res. 114, 18e27.
Mousavi-Avval, S.H., Raﬁee, S., Jafari, A., Mohammadi, A., 2011. Energy efﬁciency and
cost analysis of canola production in different farm sizes. Int. J. Energy Environ.
2 (5), 845e852.
Nemecek, T., Dubois, D., Huguenin-Elie, O., Gaillard, G., 2011. Life cycle assessment
of Swiss farming systems: I. Integrated and organic farming. Agric. Syst. 104,
217e232.
Nguyen, M.L., Haynes, R.J., 1995. Energy and labour efﬁciency for three pairs of
conventional and alternative mixed cropping (pasture-arable) farms in Can-
terbury, New Zealand. Agric. Ecosyst. Environ. 52, 163e172.
Niggli, U., Fliessbach, A., Hepperly, P., Scialabba, N., 2009. Low Greenhouse Gas
Agriculture: Mitigation and Adaptation Potential of Sustainable Farming Sys-
tems. FAO, Rome, Italy. ftp://ftp.fao.org/docrep/fao/010/ai781e/ai781e00.pdf.
Pelletier, N., Arsenault, N., Tyedmers, P., 2008. Scenario modeling potential eco-
efﬁciency gains from a transition to organic agriculture: life cycle perspec-
tives on Canadian canola, corn, soy, and wheat production. Environ. Manage. 42
(6), 989e1001.
Petersen, S.O., Regina, K., P€ollinger, A., Rigler, E., Valli, L., Yamulki, S., Esala, M.,
Fabbri, C., Syv€asalo, E., Vinther, F.P., 2006. Nitrous oxide emissions from organic
and conventional crop rotations in ﬁve European countries. Agric. Ecosyst.
Environ. 112, 200e206.
Pimentel, D., Berardi, G., Fast, S., 1983. Energy efﬁciency of farming systems: organic
and conventional agriculture. Agric. Ecosyst. Environ. 9, 359e372.
Pimentel, D., Hepperly, P., Hanson, J., Douds, D., Seidel, R., 2005. Environmental,
energetic and economic comparison of organic and conventional farming sys-
tems. Bioscience 55, 573e582.
Point, E., Tyedmers, P., Naugler, C., 2012. Life cycle environmental impacts of wine
production and consumption in Nova Scotia, Canada. J. Clean. Prod. 27, 11e20.
Refsgaard, K., Halberg, N., Kristensen, E.S., 1998. Energy utilization in crop and dairy
production in organic and conventional livestock production systems. Agric.
Syst. 57 (4), 599e630.
Reganold, J., Glover, J., Andrews, P., Hinman, H., 2001. Sustainability of three apple
production systems. Nature 410, 926e929.
Robertson, G.P., Paul, E.A., Harwood, R.R., 2000. Greenhouse gases in intensive
agriculture: contributions of individual gases to the radiative forcing of the
atmosphere. Science 289, 1922e1925.
Soil Association, 2013. Organic Market Report 2013. http://www.soilassociation.org/
LinkClick.aspx?ﬁleticket¼whbpEnZUd7A¼.
Stalenga, J., Kawalec, A., 2008. Emission of greenhouse gases and soil organic matter
balance in different farming systems. Int. Agrophys. 22, 287e290.
Stl€oze, M., Piorr, A., Haring, A., Dabbert, S., 2000. The Environmental Impact of
K.S. Lee et al. / Journal of Environmental Management 162 (2015) 263e274 273Organic Farming in Europe. In: Organic Farming in Europe: Economics and
Policy. University of Hohenheim, Hohenheim, Germany. http://orgprints.org/
2366/02/Volume6.pdf.
Tuomisto, H.L., Hodge, I.D., Riordan, P., Macdonald, D.W., 2012. Does organic
farming reduce environmental impacts?: a meta-analysis of European research.
J. Environ. Manage. 112, 309e320.
Tzilivakis, J., Warner, D.J., May, M., Lewis, K.A., Jaggard, K., 2005. An assessment of
the energy inputs and greenhouse gas emissions in sugar beet (Beta vulgaris)
production in the UK. Agric. Syst. 85, 101e119.
UNCTAD, 2010. Agriculture at the crossroads: guaranteeing food security in a
changing global climate. http://archive.unctad.org/en/docs/presspb20108_en.
pdf.
Venkat, K., 2011. Comparison of Twelve Organic and Conventional Farming Systems:
a Life Cycle Greenhouse Gas Emissions Perspective. CleanMetrics Corp. http://
www.cleanmetrics.com/pages/
ComparisonofTwelveOrganicandConventionalFarmingSystems.pdf.
Weiske, A., Vabitsch, A., Olesen, J.E., Schelde, K., Michel, J., Friedrich, R.,
Kaltschmitt, M., 2006. Mitigation of greenhouse gas emissions in European
conventional and organic dairy farming. Agric. Ecosyst. Environ. 112, 221e232.
Wood, R., Lenzen, M., Dey, C., Lundie, S., 2006. A comparative study of some
environmental impacts of conventional and organic farming in Australia. Agric.
Syst. 89, 324e348.
Zentner, R.P., Basnyata, P., Brandt, S.A., Thomas, A.G., Ulrich, D., Campbelld, C.A.,
Nagye, C.N., Frickf, B., Lemkec, R., Malhig, S.S., Fernandez, M.R., 2011. Effects of
input management and crop diversity on non-renewable energy use efﬁciency
of cropping systems in the Canadian Prairie. Eur. J. Agron. 34, 113e123.
Ziesemer, J., 2007. Energy use in organic food systems, natural resources manage-
ment and environment department, food and agriculture organization of the
United Nations. http://www.fao.org/docs/eims/upload/233069/energy-use-oa.
pdf.
Appendix: Studies Used in the Meta-Analysis
Asakereh, A., Shiekhdavoodi, M.J., Safaieenejad, M., 2010. Energy consumption
pattern of organic and conventional Lentil in Iran, a case study: Kuhdasht
County. Asian J. Agric. Sci. 2 (3), 111e116.
Alonso, A.M., Guzman, G.J., 2010. Comparison of the efﬁciency and use of energy in
organic and conventional farming in Spanish agricultural systems. J. Sustain.
Agric. 34 (3), 312e338.
Barber, A., 2010. On-farm Greenhouse Gas Emissions From 23 Surveyed Organic and
Conventional NZ Dairy Farms. AgriLINK, NZ. http://maxa.maf.govt.nz/sff/about-
projects/search/C08-014/ghg-report.pdf.
Basset-Mens, C., Van der Werf, H.M.G., Robin, P., Morvan, Th, Hassouna, M.,
Paillat, J.M., Vertes, F., 2007. Methods and data for the environmental inventory
of contrasting pig production systems. J. Clean. Prod. 15, 1395e1405.
Boisdon, I., Benoit, M., 2006. Compared energy efﬁciency of dairy cow and meat
sheep farms, in organic and in conventional farming. In: Paper at: Joint Organic
Congress, Odense, Denmark, May 30-31, 2006. Available from:http://orgprints.
org/7178/.
Bos, J.F.F.P., de Haan, J., Sukkel, W., 2007. Energieverbruik, broeikasgasemissies en
koolstofopslag: de biologische en gangbare landbouw vergeleken, Volledig
rapport. Wageningen UR, Wageningen maart 2007 Rapport 140 (in Dutch).
Bos, J.F.F.P., de Haan, J.J., Sukkel, W., Schils, R.L.M., 2007. Comparing energy use and
greenhouse gas emissions in organic and conventional farming systems in the
Netherlands. In: 3rd QLIF Congress, Hohenheim, Germany, March 20e23.
Archived at. http://orgprints.org/9961/1/Bos-etal-2007-EnergyGreenhouse.pdf.
Casey, J.W., Holden, N.M., 2006. Greenhouse gas emissions from conventional, agri-
environmental scheme, and organic Irish suckler-beef units. J. Environ. Qual. 35,
231e239.
Castellini, C., Bastianoni, S., Granai, C., Dal Bosco, A., Brunetti, M., 2006. Sustain-
ability of poultry production using the emergy approach: comparison of con-
ventional and organic rearing systems. Agric. Ecosyst. Environ. 114, 343e350.
Cavigelli, M.A., Djurickovic, M., Rasmann, C., Spargo, J.T., Mirsky, S.B., Maul, J.E.,
2009. Global warming potential of organic and conventional grain cropping
systems in the mid-Atlantic region of the U.S. In: 2009 Farming Systems Design
Proceedings, 23e26 August, Monterey, California, pp. 51e52.
Cederberg, C., Flysj€o, C., 2004. Life Cycle Inventory of 23 Dairy Farms in South-
Western Sweden, SIK-rapport Nr 728. The Swedish Institute for Food and
Biotechnology.
Cederberg, C., Mattsson, B., 2000. Life cycle assessment of milk production. A
comparison of conventional and organic farming. J. Clean. Prod. 8, 49e60.
Chirindaa, N., Olesena, J.E., Porterb, J.R., Schjønninga, P., 2010. Soil properties, crop
production and greenhouse gas emissions from organic and inorganic fertilizer-
based arable cropping systems. Agric. Ecosyst. Environ. 139, 584e594.
Cooper, J.M., Butler, G., Leifert, C., 2011. Life cycle analysis of greenhouse gas
emissions from organic and conventional food production systems, with and
without bio-energy options, NJASeWageningen. J. Life Sci. 58, 185e192.
Coppola, F., Haugaard-Nielsen, H., Bastianoni, S., Østergard, H., 2008. Sustainability
assessment of wheat production using Emergy. In: 16th IFOAM Organic World
Congress, Modena, Italy, June 16e20. Archived at:http://orgprints.org/view/
projects/conference.
Dalgaard, R., Halberg, N., Kristensen, I.S., Larsen, I., 2004. An LC inventory based on
representative and coherent farm types. In: Halberg, N. (Ed.), Life Cycle
Assessment in the Agri-food Sector, Danish Institute of Agricultural Sciences(61), DIAS Report, Animal Husbandry, pp. 98e106. Available at: http://www.
lcafood.dk/products/crops/An%20LC%20inventory%20based%20on%
20representative%20and%20coherent%20farm%20type s.pdf.
Dalgaard, T., Dalgaard, R., Nielsen, A.H., 2002. Energiforbrug pa Økologiske og
konventionelle landbrug, Ministeriet for FØevarer. In: Landbrug og Fiskeri
Danmarks JordbrugsForskning Markbrug nr. 260 (in Danish).
Dalgaard, T., Kelm, M., Wachendorf, M., Taube, F., Dalgaard, R., 2003. Energy balance
comparison of organic and conventional farming. In: Organic Agriculture:
Sustainability, Markets and Policies, OECD. CABI Publishing.
Dalgaard, T., Halberg, N., Fenger, J., 2002. Can organic farming help to reduce na-
tional energy consumption and emissions of greenhouse gases in Denmark?
economics of sustainable energy in Agriculture. Econ. Environ. Vol. 24 (2002),
191e204. Available at: http://link.springer.com/chapter/10.1007/0-306-48018-
2_13.
De Backer, E., Aertsens, J., Vergucht, S., Steurbaut, W., 2009. Assessing the ecological
soundness of organic and conventional agriculture by means of life cycle
assessment (LCA): a case study of leek production. Br. Food J. 111 (No.10),
1028e1061.
De Boer, I.J.M., 2003. Environmental impact assessment of conventional and organic
milk production. Livest. Prod. Sci. 80, 69e77.
Degre, A., Debouche, C., Verheve, D., 2007. Conventional versus alternative pig
production assessed by multicriteria decision analysis. Agron. Sustain. Dev. 27,
185e195. Available online at: www.agronomy-journal.org.
Flessa, H., Ruser, R., D€orsch, P., Kampb, T., Jimenez, M.A., Munchb, J.C., Beese, F.,
2002. Integrated evaluation of greenhouse gas emissions (CO2, CH4, N2O) from
two farming systems in southern Germany. Agric. Ecosyst. Environ. 91, 175e189.
Fritsche, U.R., Eberle, U., 2007. In: . Treibhausgasemissionen durch Erzeugung und
Verarbeitung von Lebensmitteln e Arbeitspapier Darmstadt/Hamburg, €Oko-
Institut. Available at: www.oeko.de/oekodoc/328/2007-011-de.pdf (in German).
Gil, Geun-Hwan, Kang, Jong-Gook, Lee, Kyung-Do, Lee, Jang-Hee, Lee, Kyeong-Bo,
Kim, Jae-Duk, 2008. Assessment of energy efﬁciency and nutrient balance in
organic Rice farming area. Korean J. Environ. Agric. 27 (No. 3), 267e273 (In
Korean).
Gr€onroos, J., Sepp€ala, J., Voutilainen, P., Seuri c, P., Koikkalainen, K., 2006. Energy use
in conventional and organic milk and rye bread production in Finland. Agric.
Ecosyst. Environ. 117, 109e118.
Gündogmus, E., Bayramoglu, Z., 2006. Energy input use on organic farming: a
comparative analysis on organic versus conventional farms in Turkey. J. Agron.
5 (1), 16e22. http://docsdrive.com/pdfs/ansinet/ja/2006/16-22.pdf.
GÜndogmus, E., 2010. Energy input use in environmentally friendly farming sys-
tems: a comparative analysis between organic and conventional dried ﬁg
production. J. Sustain. Agric. 34, 744e757.
Gündogmus, E., 2006. Energy use on organic farming: a comparative analysis on
organic versus conventional apricot production on small holdings in Turkey.
Energy Convers. Manage. 47, 3351e3359.
Halberg, N., Dalgaard, R., Dalgas, M., 2006. Miljøvurdering af konventionel
ogøkologisk avl af grøntsager Livscyklusvurdering af produktion i væksthuse og
påfriland: Tomater, agurker, løg, gulerødderr. Arbejdsrapport fra Miljøstyrelsen
Nr. 5 2006. Available at: http://orgprints.org/13085/1/13085.pdf (in Danish).
Halberg, N., Hermansen, J.E., Kristensen, S., Eriksen, J., Tvedegaard, N., 2008.
Comparative environmental assessment of three systems for organic pig pro-
duction in Denmark. In: K€opke, Ulrich, Sohn, Sang Mok (Eds.), ISOFAR Confer-
ence Series, ISOFAR Conference Series, pp. 249e261. Available at: http://
orgprints.org/15585/.
Heller, M.C., Keoleian, G.A., 2011. Life cycle energy and greenhouse Gas analysis of a
large-scale vertically integrated organic dairy in the United States. Environ. Sci.
Technol. 45, 1903e1910.
Hillier, J., Hawes, C., Squire, G., Hilton, A., Wale, S., Smith, P., 2009. The carbon
footprints of food crop production,. Int. J. Agric. Sustain. 7 (2), 107e118.
Hokazono, S., Hayashi, K., Sato, M., 2009. Potentialities of organic and sustainable
rice production in Japan from a life cycle perspective. Agron. Res. 7 (I), 257e262.
Hokazono, S., Hayashi, K., 2012. Variability in environmental impacts during con-
version from conventional to organic farming: a comparison among three rice
production systems in Japan. J. Clean. Prod. 28, 101e112.
H€ortenhuber, S., Lindenthal, T., Amon, B., Markut, T., Kirner, L., Zollitsch, W., 2010.
Greenhouse gas emissions from selected Austrian dairy production system-
sdmodel calculations considering the effects of land use change. Renew. Agr.
Food Syst. 25 (330), 1e14.
Kassow, A., Blank, B., Paulsen, H.M., Aulriche, K., Arhmann, G., 2009. Studies on
Greenhouse Gas Emissions in Organic and Conventional Dairy Farms. Archived
at. http://orgprints.org/17010/.
Kavargirisa, S.E., Mamolosa, A.P., Tsatsarelisb, C.A., Nikolaidoua, A.E., Kalburtjia, K.L.,
2009. Energy resources' utilization in organic and conventional vineyards:
energy ﬂow, greenhouse gas emissions and biofuel production. Biomass Bio-
energy 33, 1239e1250.
Klepper, R., Lockeretz, W., Commoner, B., Gertler, M., Fast, S., O'Leary, D.,
Blobaum, R., 1977. Economic performance and energy intensiveness on organic
and conventional farms in the corn belt: a preliminary comparison. Am. J. Agric.
Econ. 59, 1e13.
Klimekova, M., Lehocka, Z., 2007. Comparison of organic and conventional farming
system in term of energy efﬁciency, Poster at: Zwischen Tradition und Glob-
alisierung - 9. Wissenschaftstagung €Okologischer Landbau, Universit€at
Hohenheim, Stuttgart, Deutschland, 20.-23.03.2007. Available at: http://
orgprints.org/9841/1/9841_Klimekov%C3%A1_Poster.pdf.
Kool, A., Blonk, H., Ponsionen, T., Sukket, W., Vermeer, H., De Vries, J., Horste, R.,
K.S. Lee et al. / Journal of Environmental Management 162 (2015) 263e2742742009. Carbon Footprints of Conventional and Organic Pork; Assessment of
Typical Production Systems in the Netherlands, Denmark, England and Ger-
many, Wageningen UR.
Kristensen, T., Mogensen, L., Knudsen, M.T., Hermansen, J.E., 2011. Effect of pro-
duction system and farming strategy on greenhouse gas emissions from com-
mercial dairy farms in a life cycle approach. Livest. Sci. 140 (1e3), 136e148.
Kushreshtha, S., Klemmer, C., 2011. Environmental and Economic Evaluation of
Conventional and Organic Production Systems in the Canadian Prairie Prov-
inces. In: Popov, V., Brebia, C.A., Lodge, Ashurst (Eds.), Food and Environment.
WIT Transactions on Ecology and the Environment, vol. 152. WIT Press.
Küstermann, B., Husbergen, K.-J., 2008. Emission of climate-relevant gases in
organic and conventional cropping systems. Poster at: cultivating the future
based on science. In: 2nd Conference of the International Society of Organic
Agriculture Research ISOFAR, Modena, Italy, June 18e20, 2008. Available at:
http://orgprints.org/view/projects/conference.html.
La Rosa, A.D., Siracusa, G., Cavallaro, R., 2008. Emergy evaluation of Sicilian red
orange production. A comparison between organic and conventional farming.
J. Clean. Prod. 16, 1907e1914.
Lindenthal, T., Markut, T., H€ortenhuber, S., Rudolph, G., Hanz1, K., 2010. Climate
balance of organic and conventional foodstuffs compared. Published in the
German Journal, €Okologie und Landbau in the Jan/Feb-issue 2010.
Liu, Y., Langer, V., HØh-Jensen, H., Egelyng, H., 2010. Energy use in organic, Green
and conventional pear producing systemsd Cases from China. J. Sustain. Agric.
34, 630e646.
Loake, C., 2001. 2001, Energy accounting and well-being examining UK organic and
conventional farming systems through a human energy perspective. Agric. Syst.
70, 275e294.
Luo, Y., Qiao, Y.H., Wu, W.L., 2011. Environment impact assessment of organic and
conventional soybean production with LCA method in China Northeast Plain.
Acta Ecol. Sin. 31 (23), 7170e7178 (in Chinese).
MAFF, 2000. Energy Use in Organic Farming Systems. Report Number OF0182.
MAFF, London, UK. Available online. http://orgprints.org/8169/1/OF0182_181_
FRP.pdf(DEFRA).
Mendoza, T.C., 2002. Comparative productivity, proﬁtability and energy use in
Organic, LEISA and conventional rice production in the Philippines. Livest. Res.
Rural Dev. 14 (6). Available at: :http://www.lrrd.org/lrrd14/6/mend146.htm.
Michos, M.C., Mamolos, A.P., Menexes, G.C., Tsatsarelis, C.A., Tsirakoglou, V.M.,
Kalburtji, K.L., 2012. Energy inputs, outputs and greenhouse gas emissions in
organic, integrated and conventional peach orchards. Ecol. Indic. 13, 22e28.
Nemecek, T., Huguenin-Elie, O., Dubois, D., Gaillard, G., 2005. €Okobilanzierung von
Anbausystemen im schweizerischen acker-und Futterbau. Schriftenreihe der
FAL 58/Les cahiers de la FAL 58 (in German).
Noponen, M.R.A., Edwards-Jones, G., Haggar, J.P., Sotob, G., Attarzadeh, N.,
Healey, J.R., 2012. Greenhouse gas emissions in coffee grown with differing
input levels under conventional and organic management. Agric. Ecosyst. En-
viron. 151, 6e15.
Olesen, J.E., Schelde, K., Weiske, A., Weisbjerg, M.R., Asman, W.A.H., Djurhuus, J.,
2006. Modelling greenhouse gas emissions from European conventional and
organic dairy farms. Agric. Ecosyst. Environ. 112, 207e220.
Ortega, E., Cavalett, O., Bonifaio, R., Watanabe, M., 2005. Brazilian soybean pro-
duction: emergy analysis with an expanded scope. Bull. Sci. Technol. Soc. 25 (4),
323e334.
Peters, G.M., Rowley, H.V., Wiedemann, S., Tucker, R., Short, M.D., Schulz, M., 2010.
Red meat production in Australia: life cycle assessment and comparison with
overseas studies. Environ. Sci. Technol. 44, 1327e1332.
Pimentel, D., 2006. Impacts of Organic Farming on the Efﬁciency of Energy Use in
Agriculture, an Organic Center. State of Science Review, The Organic Center.
Pizzigallo, A.C.I., Granai, C., Borsa, S., 2008. The joint use of LCA and emergy eval-
uation for the analysis of two Italian wine farms. J. Environ. Manage. 86,
396e406.
Ramos, R.F., do Carmon, M.S., 2004. Energetic study about conventional, organic and
biodynamic cropping systems of sweet potato (Ipomoea batatas). In: Ortega, E.,
Ulgiati, S. (Eds.), Proceedings of IV Biennial International Workshop. Advancesin Energy Studies. Unicamp, Campinas, SP, Brazil. June 16e19, pp. 301e313.
Refsgaard, K., Bergsda, H., Pettersen, J., Berglann, H., 2011. Climate Gas Emissions
from Food Systems e Use of LCA Analyses, Discussion Paper No. 2011e3. Nor-
wegian Agricultural Economics Research Institute. Available at: http//www.nilf.
no/publikasjoner/Discussion_Papers/2011/dp-2011-03.pdf.
Ripoll-Bosch, R., de Boer, I.J.M., Bernues, A., Vellinga, T., 2011. Greenhouse gas
emissions throughout the life cycle of spanish lamb-meat: a comparison of
three production systems. In: Options Meiterranennes, a no. 100, 2011 e Eco-
nomic, Social and Environmental Sustainability in Sheep and Goat Production
Systems, pp. 125e130.
Risoud, B., 1999. Developpement durable et analyse energetique d'exploitations
agricoles. Economie rurale 252, 16e27. Available at: http://www.persee.fr/web/
revues/home/prescript/article/ecoru_00130559_1999_num_252_1_5096 (in
French).
Risoud, B., 1999. Analyse energetiqued’ exploitations agricoles, Dep. Economie et
Sociologie, et pouvoir de echauffement global, Methode et resultats sur 140
fermes françaises, 8 (in French).
Risoud, B., 2000. Energy efﬁciency of various French farming systems: questions to
sustainability, (UMR INRA-ENESAD). In: Paper Presented at the International
Conference “Sustainable Energy: New Challenges for Agriculture and Implica-
tions for Land Use”, Organised byWageningen University, the Netherlands, May
18e20. Available at: http//www2.dijon.inra.fr/esr/publications/docs/WP2000_
9.pdf.
Sarcinelli, O., Ortega, E., 2004. Emergy analysis and bookkeeping accounting of
conventional and organic coffee production in Brazil. In: Ortega, E., Ulgiati, S.
(Eds.), Proceedings of IV Biennial International Workshop “Advances in Energy
Studies”. Unicamp, Campinas, SP, Brazil. June 16-19, pp. 271e283.
Sartori, L., Basso, B., Bertocco, M., Oliviero, G., 2005. Energy use and economic
evaluation of a three year crop rotation for conservation and organic farming in
NE Italy. Biosyst. Eng. 91 (2), 245e256.
Syv€asalo, E., Regina, K., Turtola, E., Lemola, R., Esala, M., 2006. Fluxes of nitrous
oxide and methane, and nitrogen leaching from organically and conventionally
cultivated sandy soil in western Finland, Agriculture. Ecosyst. Environ. 113,
342e348.
Taylor, C., 2000. €Okologische Bewertung von Ern€ahrungsweisenanhand aus-
gew€ahlter Indikatoren. Dissertation. Justus-Liebig-Universit€atGießen. Available
at:http://bibd.uni-giessen.de/gdoc/2000/uni/d000074.pdf.
Thomassen, M.A., van Calker, K.J., Smits, M.C.J., Iepema, G.L., de Boer, I.J.M., 2008.
Life cycle assessment of conventional and organic milk production in the
Netherlands. Agric. Syst. 96, 95e107.
Turhan, S., Ozbag, B.C., Rehber, E., 2008. A comparison of energy use in organic and
conventional tomato production. J. Food, Agric. Environ. 6 (3&4), 318e321.
www.world-food.net.
Van der Werf, H.M.G., Tzilivakis, J., Lewis, K., Basset-Mens, C., 2007. Environmental
impacts of farm scenarios according to ﬁve assessment methods. Agric. Ecosyst.
Environ. 118, 327e338.
Venkat, K., 2012. Comparison of twelve organic and conventional farming systems:
a life cycle greenhouse gas emissions perspective. J. Sustain. Agric. 36, 620e649.
Veysset, P., Lherm, M., Bebin, D., 2011. Productive, environmental and economic
performances assessments of organic and conventional suckler cattle farming
systems. Org. Agric. 1, 1e16.
Williams, A.G., Pearn, K., Sandars, D., Audsley, E., Parsons, D., Chatterton, J., 2010.
Analysis of the 2007/8 Farm Business Survey Energy Module, Defra Project Code
RMP 5465, Natural Resources Management Centre. Cranﬁeld University.
Williams, A.G., Audsley, E., Sandars, D.L., 2006. Determining the Environmental
Burdens and Resource Use in the Production of Agricultural and Horticultural
Commodities. Main Report. Defra Research Project IS0205. Bedford: Cranﬁeld
University and Defra. Available on. www.silsoe.cranﬁeld.ac.uk. www.defra.gov.
uk.
Zaﬁriou, P., Mamolos, A.P., Menexes, G.C., Siomos, A.S., Tsatsarelis, C.A.,
Kalburtji, K.L., 2012. Analysis of energy ﬂow and greenhouse gas emissions in
organic, integrated and conventional cultivation of white asparagus by PCA and
HCA: cases in Greece. J. Clean. Prod. 29, 20e27.
